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Abstract 
,QWKLVVWXG\DQDSSOLFDWLRQKDVEHHQGHYHORSHGWRHYDOXDWHWKHSHUIRUPDQFHRIWKHZHOGHUFDQGLGDWHVZKR¶VXVLQJ
WKH':HOGLQJ6LPXODWRU7UDLQLQJRIZHOGHUVZLWKYLUWXDOZHOGLQJVLPXODWRU IRU WKUHHGLIIHUHQWZHOGLQJPHWKRGV
(OHFWULFDUF0,*0$*DQG7,*FDQEHSHUIRUPHGFORVHWRUHDOLW\7RNHHSWKHLQIRUPDWLRQDERXWWKHH[SHULPHQWV
RQYLUWXDOZHOGLQJVLPXODWRUDQGWKHXVHUVZKRSHUIRUPHGWKHH[SHULPHQWVD'DWDEDVHPDQDJHPHQWDQGUHSRUWLQJ
V\VWHPKDVEHHQGHYHORSHG,QWKLVVRIWZDUHPRGXOHZHOGLQJLQIRUPDWLRQFDOFXODWHGLGHDOZHOGLQJSDUDPHWHUVDQG
SDUDPHWHUVGDWD UHFRUGHGGXULQJZHOGLQJRSHUDWLRQDUH VWRUHG LQ WKHGDWDEDVH:LWK WKLV VRIWZDUHYLUWXDOZHOGLQJ
H[SHULPHQWVSHUIRUPHGE\ZHOGHUFDQGLGDWHFDQEHHYDOXDWHGWKHUHVXOWVFDQEHVKRZQDVJUDSKLFVDQGVFRULQJDQG
SHUVRQDORUFODVVURRPEDVHGGHYHORSPHQWFDQEHWUDFHG

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI7KH$VVRFLDWLRQRI
6FLHQFH(GXFDWLRQDQG7HFKQRORJ\

.H\ZRUGV:HOGHU7UDLQLQJ(OHFWULF$UF0,*7,*:HOGLQJ(GXFDWLRQ9LUWXDO:HOGLQJ6LPXODWRU3HUIRUPDQFH$QDO\VLV
&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVVVHUWWDV#VDNDU\DHGXWU
1.Introduction 
:HOGLQJ PHWKRG LV DQ HFRQRPLFDO MRLQLQJ PHWKRG ZKLFK LV ZLGHO\ XVHG LQ ORFDO DQG LQWHUQDWLRQDO
LQGXVWULDO OHYHOV VXFK DV VKLS\DUG DXWRPRWLYH VWHHO FRQVWUXFWLRQ VWUXFWXUHV EULGJHV DQG PDFKLQH
SURGXFWLRQ&RQVLGHULQJWKHWHFKQRORJLFDOFRQFHSWVVXFKDVFRVWDQGVDIHW\IRURSWLPXPSURGXFWLRQLWLV
UHTXLUHG IRU D JRRGZHOGLQJ WUDLQLQJ RI WKH ZHOGHUV IRU WKHLU TXDOLILFDWLRQV DQG HIILFLHQF\$VZHOO DV
WHFKQRORJLFDO NQRZOHGJH IRU WUDLQLQJ RI WKH ZHOGHUV YDULRXV ZHOGLQJ DSSOLFDWLRQV DUH GRQH IRU WHVWLQJ
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SDUWVLQRUGHUWRGHYHORSWKHLUKDQGVNLOOV'HVSLWHWKHLPSRUWDQFHRIKDYLQJWHFKQRORJLFDONQRZOHGJHDQG
H[SHULHQFHLQZHOGLQJKDQGVNLOOVDQGWUDLQLQJDUHWKHPRVWLPSRUWDQWSDUDPHWHULQZHOGLQJMRLQWV

7RGD\ VRIWZDUH DQG KDUGZDUH WHFKQRORJLHV SXW IRUZDUG WKDW SHUFHSWLRQV FDQ EH OLYHG DV UHDOLVWLF
ZLWKRXW UHDO ZRUOG RU PDWHULDO *HQHUDOO\ WKLV WHFKQRORJ\ QDPHG9LUWXDO 5HDOLW\ LV WKH VXP RI WKUHH
GLPHQVLRQDO'LPDJHVDQLPDWHGE\FRPSXWHUVDQGFUHDWHGZLWKYLUWXDOUHDOLW\GHYLFHVDQGSUHVHQWHGWR
WKHXVHULQVXFKDZD\WKDWWKHXVHUEHOLHYHVDQGDFFHSWVLWDV³DUHDOZRUOG´(OOLV$VWKHLU
6ODWHU

,QWKLVVWXG\DVRIWZDUHLQFOXGLQJZHOGHUWUDLQLQJDQGSHUIRUPDQFHHYDOXDWLRQKDVEHHQGHYHORSHGIRU
,Q PDLQ SURJUDP PRGXOH WKDW LV FUHDWHG E\ XVLQJ & SURJUDPPLQJ ODQJXDJH DQG 06 64/ GDWDEDVH
PDQDJHPHQW V\VWHP D GDWDEDVH PDQDJHPHQW DQG UHSRUWLQJ V\VWHP KDV EHHQ GHYHORSHG WR NHHS WKH
LQIRUPDWLRQ DERXW WKH H[SHULPHQWV RQ YLUWXDO ZHOGLQJ VLPXODWRU DQG WKH XVHUV ZKR SHUIRUPHG WKH
H[SHULPHQWV ,Q WKLV VRIWZDUH PRGXOH ZHOGLQJ LQIRUPDWLRQ FDOFXODWHG LGHDO ZHOGLQJ SDUDPHWHUV DQG
SDUDPHWHUVGDWDUHFRUGHGGXULQJZHOGLQJRSHUDWLRQDUHVWRUHGLQWKHGDWDEDVH:LWKWKLVVRIWZDUHYLUWXDO
ZHOGLQJ H[SHULPHQWV SHUIRUPHG E\ ZHOGHU FDQGLGDWH FDQ EH HYDOXDWHG WKH UHVXOWV FDQ EH VKRZQ DV
JUDSKLFVDQGVFRULQJDQGSHUVRQDORUFODVVURRPEDVHGGHYHORSPHQWFDQEHWUDFHG

7KH SHUIRUPDQFH DQDO\VLV RI WKH XVHU LV VKRZQ WKURXJK JUDSKLFDO DQG QXPHULFDO ZD\V ZLWK XVLQJ
DUWLILFLDOLQWHOOLJHQFHWHFKQLTXHV$WWKHHQGRIDQDO\VLVZHDNQHVVRIWKHXVHULVGHWHFWHGDQGDGYLVHVDUH
EHLQJGLVSOD\HGRQ WKHVFUHHQ WRRYHUFRPHWKLVZHDNQHVVHV$FFRUGLQJ WR WKHEDVLFVRIFRPSXWHUDLGHG
HGXFDWLRQ IXQGDPHQWDOV RI ZHOGLQJ HGXFDWLRQ DQG YLUWXDO ZHOGLQJ VLPXODWRU HGXFDWLRQ GRFXPHQWV DUH
SUHVHQWHGLQWKHVRIWZDUH
2.Welding Simulators 
:LWK WKH DGYDQFHV LQ FRPSXWHU DQG VRIWZDUH WHFKQRORJ\ FRQFHSW RI FRPSXWHU DLGHG HGXFDWLRQ KDV
HQWHUHGWKHZRUOGRIHGXFDWLRQDQGOHDUQLQJLQWKHHDUO\V5HVHDUFKHUVDUHGHYHORSLQJVLPXODWRUVWR
LPSURYHHGXFDWLRQTXDOLW\DQGHIILFLHQF\VKRUWHQWUDLQLQJWLPHGHFUHDVHWKHFRVWRIPDWHULDOVDQGWRROV
XVHGLQHGXFDWLRQ6LPXODWRUVDOVRKDVEHHQGHYHORSHGIRUZHOGHUVWUDLQLQJ7KHVHVLPXODWRUVDUHGLYLGHG
LQWRWZRFDWHJRULHVEDVHGRQWKHVRIWZDUHDQGKDUGZDUHWHFKQRORJLHVROGHUDQGQHZHUJHQHUDWLRQZHOGLQJ
VLPXODWRUV2]

6LPXODWRUGHYHORSHG E\:XDQG KLV FROOHDJXHVLV DQ H[DPSOH RI WKH ROGHU
JHQHUDWLRQZHOGLQJVLPXODWRUV :X 	:X  ,Q WKHVH VWXGLHV WKH\ LQYHVWLJDWH KRZZHOGLQJ
VLPXODWRUVDUHDIIHFWLQJWKHZHOGHUHGXFDWLRQ7KHLUVWXG\WRRNWZR\HDUVZLWKVWXGHQWV7KH\IRXQG
RXW WKDW VWXG\LQJ ZLWK ZHOGHU VLPXODWRU GHFUHDVH WKH HGXFDWLRQ WLPH DQG FRVWV 7LP LQYHVWLJDWHG KRZ
ZHOGLQJ VLPXODWRUV ZKLFK DUH GHYHORSHG LQ WKH 86$ &DQDGD DQG )UDQFH LQ ODVW GHFDGH DIIHFWHG WKH
ZHOGHUHGXFDWLRQ+HVWRQ7KH\GHWHUPLQHGWKHEHQHILWVRIWKHYLUWXDOZHOGHUWUDLQLQJDQGDGYLVHG
WR XVH LW EHIRUH WKH WUDGLWLRQDO ZHOGHU HGXFDWLRQ VWDJH $W WKH VDPH WLPH PRGHOOLQJ RI ZHOGLQJ DQG
DQDO\VLVDUHFDUULHGRXWVXFKDV'DQD\VLVRI$UFZHOGLQJVLPXODWLRQZLWKILQLWHHOHPHQWDQDO\VLV)(0
+DPLGHDQG0,*PRGHOOLQJDQGVLPXODWLRQ3DODQL<DúDU7RSIURP6DNDU\D8QLYHUVLW\
JUDGXDWHGKLV06FFRXUVHSUHSDULQJDQ06FWKHVLVRQ³ZHOGHU¶VHGXFDWLRQSURJUDPYLDVLPXODWLRQDQG
WUDLQLQJ´7RSDQGSXEOLVKHGDQDUWLFOHDERXWWKHUHODWHGVXEMHFW7RS,QWKLVSDSHUFDVH
VWXG\SHUIRUPHG RQD WRWDO RI VWXGHQWVLQ WZR GLIIHUHQW JURXSV ZDV SUHVHQWHG +H REVHUYHG WKDW WKH
VWXGHQWVILUVWHGXFDWHGLQWKHZHOGLQJVLPXODWRUXVLQJ$UF0,*7,*ZHOGLQJPHWKRGVREWDLQHGEHWWHU
SHUIRUPDQFHGXULQJWKHUHDOZHOGLQJRSHUDWLRQGRQHEHWWHUTXDOLW\ZHOGLQJDQGUHGXFHGWKHVFUDSSDUWV
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
7KHUHDUH VHYHUDOSDWHQWV UHODWHG WRZHOGLQJVLPXODWRUVDQGYLUWXDOZHOGLQJ WUDLQLQJ 'DQLVRQ
%ODLU 	 DWRQ   ,Q DGGLWLRQ WKHUH DUH SDWHQWV IRU VLPXODWLRQ RI WRUFKPRYHPHQW 9DVLOLHY
DQGVLPXODWLRQRIZHOGLQJDUF6FKRZ

1HZ JHQHUDWLRQ ZHOGLQJ VLPXODWRUV DUH WKUHH GLPHQVLRQDO VLPXODWRUV ZKLFK SURYLGH LQWHUDFWLRQ
EHWZHHQWKHYLUWXDOHQYLURQPHQWDQGWKHXVHUWKURXJKXVLQJWRGD\
VFRPSXWHUDQGYLUWXDOUHDOLW\KDUGZDUH
DQG VRIWZDUH WHFKQRORJ\ 0DYULNRV DQG KLV FROOHDJXHV GHYHORSHG WKUHH GLPHQVLRQDO ZHOGLQJ
VLPXODWRUIRU0,*0$*ZHOGLQJ,QWKLVVLPXODWRULWKHXVHUHQWHUVZHOGLQJSDUDPHWHUVVXFKDVJDVW\SH
HOHFWURGH UDGLXV FXUUHQW DQG JDV IORZ:KLOH FUHDWLQJ WKH ZHOGLQJ VHDP IRUP ZHOGLQJ VSHHG WRUFK
GLVWDQFHDQG WRUFKDQJOHSDUDPHWHUVZDVXVHG3RUWHUDQGKLVFROOHDJXHVXVHGEDFNSURSDJDWLRQ
DOJRULWKP LQ DUWLILFLDO LQWHOOLJHQFH WR FUHDWHZHOGLQJ VHDP IRUP ,Q 'RQJOLQJ DQG KLV FROOHDJXHV
SHUIRUPHGRIIOLQHZHOGLQJKHDWGLVWULEXWLRQPRGHOOLQJVLQ$16<6VRIWZDUH'RQJOLQ)DVWDQGKLV
FROOHDJXHVGHYHORSHG0,*ZHOGLQJVLPXODWRUV\VWHPZLWKXVLQJDKDSWLFWRUFKDKHDGPRXQWHGGLVSOD\
DQG D VRXQG V\VWHP:HOGLQJ VHDP IRUP ZDV GHWHUPLQHG E\ XVLQJ DQ DUWLILFLDO QHXUDO QHWZRUN )DVW

3.Virtual Welding Simulator Used In Welder Training 
9LUWXDO :HOGLQJ 6LPXODWRU DV VKRZQ LQ )LJXUH D KDV EHHQ GHYHORSHG IRU ZHOGHU WUDLQLQJ
9LUWXDOZHOGLQJVLPXODWRUSURJUDPLVDFRQWLQXRXVF\FOH6LPXODWRUFDQGUDZ LPDJHVV LQRQH VHFRQG
%HIRUH HQWHULQJ D F\FOH ILUVWZHOGLQJ VWDJH LV FUHDWHG DQG WKHQ G\QDPLF DQG VWDWLF REMHFWV REVHUYHU
V
FDPHUDDQGLQGLFDWRUVDUHFUHDWHGDQGDGGHGWRWKHZHOGLQJVWDJH:KHQWKHVLPXODWRUHQWHUHGLQDF\FOH
LQSXWRXWSXW HQJLQH OLVWHQV SRVLWLRQ DQG RULHQWDWLRQ GHYLFH 7KLV GHYLFH JLYHV WKH SRVLWLRQ DQG WKH
RULHQWDWLRQRIWKHWRUFK*UDSKLFVHQJLQHRIWKHVLPXODWRUPDQDJHVWKHYLUWXDOVFHQHZLWKWKHVHGDWD:KHQ
WRUFK
VHOHFWURGHFORVHHQRXJKWRWRXFKWKHPDWHULDOJUDSKLFVHQJLQHFUHDWHZHOGVHDPDQGDUFOLJKWHWF
DQG WKH VRXQG HQJLQH SURGXFHV G VRXQG 'LUHFW; OLEUDU\ DQG *38 *UDSKLFV 3URFHVVRU 8QLW FUHDWH
'' LPDJH E\ SURYLGLQJ UHTXLUHG WH[WXUH DQG V\QFKURQL]DWLRQ $FFRUGLQJ WRWKH IHHGEDFNUHFHLYHG
IURPWKH GLVSOD\DQG RWKHU RXWSXWXQLWV WKHXVHU GHWHUPLQHV KLVKHU PRYHPHQWV 7KURXJKRXW D F\FOH
ZHOGLQJ VSHHG VRXQGDQG VSDUNOH HIIHFWV LV UHQHZHG9LUWXDOZHOGLQJ VLPXODWRU LQWHUDFWLRQ VRIWZDUH LV
VKRZQLQ)LJXUHE

D E
)LJXUH7KHSULQFLSOHRIWKHVLPXODWRUVRIWZDUHD9LUWXDO:HOGLQJ6LPXODWRUE6RIWZDUHDUFKLWHFWXUH
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4.Welder Education with Virtual Welding Simulator
9LUWXDO ZHOGLQJ 6LPXODWRU LV GHYHORSHG XVLQJ & DQG & SURJUDPPLQJ ODQJXDJH GDWDEDVH
PDQDJHPHQWV\VWHPDQG0LFURVRIW'LUHFW;OLEUDU\3URJUDPLVXVHGZLWKDPDLQIRUP)RXUEXWWRQVH[LVW
RQWKHPDLQIRUP7KHVHEXWWRQVDUHYLUWXDOVLPXODWRUSHUIRUPDQFHDQDO\VLVWUDLQLQJGRFXPHQWVDQGH[LW
IURPWKHSURJUDP
x :HOGLQJ6LPXODWRUDOORZVWKHXVHUWRPDNHZHOGLQJZLWKVLPXODWRU
x 3HUIRUPDQFH$QDO\VLV SHUIRUPVWKHHYDOXDWLRQ RIWKH SHUIRUPDQFH DQG VXFFHVVRI
YLUWXDOZHOGLQJZRUN
x 7UDLQLQJ'RFXPHQW FRQVLVWV RIGRFXPHQWVFRQWDLQLQJWKH LQIRUPDWLRQ RI XVLQJWKH
YLUWXDOZHOGLQJVLPXODWRUEDVLFZHOGLQJDQGVRRQ
x ([LWIURPWKHSURJUDPLVXVHGWRWHUPLQDWHWKHSURJUDP
:HOGLQJ6LPXODWRU
:HOGLQJVLPXODWRUPRGXOHLVWKHPDLQPRGXOHRIWKHYLUWXDOZHOGLQJVLPXODWRUVRIWZDUH,IWKHSHUVRQ
ZKR ZLOO WDNH ZHOGHU WUDLQLQJ LV XVLQJ WKH V\VWHPIRU WKH ILUVW WLPH UHJLVWHUVKLVKHU SHUVRQDO
LQIRUPDWLRQWR WKH GDWDEDVH XVLQJWKH 6WXGHQW5HJLVWUDWLRQ )RUP,Q WKH QH[W VWDJH DIWHU WKH VWXGHQW
UHJLVWUDWLRQ SURFHVV D IRUP LV GLVSOD\HG FDOFXODWLQJ WKH LGHDO SDUDPHWHUV XVLQJ H[SHUW V\VWHPV IRU WKH
ZHOGLQJDSSOLFDWLRQ3DUDPHWHUVUHODWHGWRWKHZHOGLQJW\SHDQGPDWHULDO WKDWZLOO MRLQZLWK WKHZHOGLQJ
DUHHQWHUHGRQWKHIRUP'HSHQGLQJRQWKHVHSDUDPHWHUVLGHDOSDUDPHWHUVWKDWZLOOEHXVHGRQWKHZHOGLQJ
DSSOLFDWLRQDUHFDOFXODWHGZLWKWKHH[SHUWV\VWHPVPRGXOH7KHVHSDUDPHWHUVDUHDOVRXVHGWRHYDOXDWHWKH
VWXGHQW¶V SHUIRUPDQFH RI KLVKHU YLUWXDOZHOGLQJ DSSOLFDWLRQ )LJXUH VKRZVWKH IRUP IRU VHOHFWLQJ WKH
LGHDOZHOGLQJSDUDPHWHUV




















)LJXUH7KHIRUPIRUVHOHFWLQJWKHLGHDOZHOGLQJSDUDPHWHUV

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(YDOXDWLRQRI6WXGHQW9LUWXDO:HOGLQJ$SSOLFDWLRQ
$QDO\VLV RID VWXGHQWSHUIRUPDQFH LQD YLUWXDOZHOGLQJDSSOLFDWLRQ FDQ EH XVHG IRU DQRWKHU YLUWXDO
ZHOGLQJH[SHULPHQWSHUIRUPHGE\WKHVDPHVWXGHQW3HUIRUPDQFHDQDO\VLVIRUHDUOLHUH[SHULPHQWDOVWXGLHV
FDQ EH WUDFHG ZLWK WKH 3HUIRUPDQFH$QDO\VLV EXWWRQRQ WKH PDLQ IRUP :KHQ WKH 3HUIRUPDQFH
$QDO\VLVEXWWRQLVFOLFNHGWKHIRUPLVGLVSOD\HGLQ)LJXUH%\XVLQJWKLVIRUPXVHUFDQVHHVWXGHQW¶V
YLUWXDOZHOGLQJDSSOLFDWLRQOLVWDQGWKHVHH[SHULPHQWVFDQEHDQDO\]HG

)LJXUH9LUWXDOZHOGLQJH[SHULPHQWOLVWSHUIRUPHGE\WKHVHOHFWHGVWXGHQW

7KH HYDOXDWLRQ RI WKH ZHOGLQJ LV SHUIRUPHG IRU IRXU EDVLF SDUDPHWHUV )RXUGLIIHUHQW JUDSKLFV DUH
REWDLQHGIRU WKHVHIRXUSDUDPHWHUV+RUL]RQWDO OLQHVLQHDFKJUDSKWKHEODFNOLQHVVKRZ WKH LGHDOYDOXHV
JUHHQOLQHVDUHWKHDFFHSWDEOHOLPLW\HOORZOLQHVDUHWKHWROHUDQFHOLPLWDQGWKHUHGOLQHVLQGLFDWHUHMHFWLRQ
OLPLW 5HMHFWLRQOLPLWLVD OLPLWYDOXHGHWHUPLQHGIRUVFRULQJ([FHHGLQJ WKLV OLPLWYDOXHGRHVQRWPHDQ
WKHZHOGLQJLVIDLOHG$IWHUH[FHHGLQJWKLVOLPLWQRSRLQWVDUHJLYHQIRUZHOGLQJ+RZHYHUZKHQLWUHWDLQV
IRUDORQJWLPHLQWKLVUHJLRQZHOGLQJIDLOV

/LQH&RQWUROEXWWRQGLVSOD\VWKHJUDSKRIWKHOLQHFRQWURO/LQHFRQWUROJUDSKLVXVHGWRWHVWZKHWKHU
WKH ZHOGLQJ SURFHVV LV GRQH DORQJ WKH ZHOGLQJ OLQH RU QRW (YHQ LIWKH XVHUKDV FRPSOHWHGD
SHUIHFWZHOGLQJSURFHVVWKHZHOGLQJIDLOVLIKHVKHGRHVQRWGRQHWKLVSURFHVVLQWKHZHOGLQJUHJLRQ5DWH
RIPRYLQJDZD\IURPWKHVRXUFHOLQHLVFRQWUROOHGGXULQJVFRULQJDQGDIWHUH[FHHGLQJDFHUWDLQOLPLW WKH
ZHOGLQJLVFRQVLGHUHGWREHIDLOHG
6FRULQJ
7KH KLVWRJUDP JUDSK JHQHUDWHG IRUHDFK SDUDPHWHU LV XVHG WR GHWHUPLQH WKH ZHOGLQJ SDUDPHWHU
SHUIRUPDQFH $OO SDUDPHWHUVDUH HYDOXDWHGRYHU  SRLQWVLQ LWVHOI DQG WKH UHVXOW VFRUH LV REWDLQHG E\
WDNLQJDYHUDJHRIWKHZHLJKWVRIWKHSDUDPHWHUV
(DFK UHJLRQ LV VXEMHFWHG WR D VHSDUDWH UDWLQJ GXULQJ VFRULQJ 7KHVH UHJLRQV DUHDOVR GLYLGHG LQWR
UHJLRQVZLWKFRORU VFDOHEODFN\HOORZ JUHHQ DQGUHG 7KH SHUFHQWDJH RI YDOXH LQ WKH LGHDO UHJLRQLV
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FRQVLGHUHGDV IXOOSRLQW LQ VFRULQJ3RLQWVDUHGHFUHDVHGDVZKLOHJRLQJDZD\ IURPWKLV
DUHD*HQHUDO VFRULQJRIZHOGLQJSURFHVV LVREWDLQHG IURP WKH VXPRI WKHDYHUDJHZHLJKWRI WKHVH IRXU
SDUDPHWHUV
'DWDREWDLQHGIURPVXFFHVVIXOZHOGLQJH[SHULPHQWVGRQHIRU(OHFWULFDUFZHOGLQJLQ9LUWXDO:HOGLQJ
6LPXODWRULVJLYHQLQ)LJXUHWKHKLVWRJUDPJUDSKLVVKRZQLQ)LJXUHDQGVFRULQJVFUHHQLQ)LJXUH

)LJXUH'DWDREWDLQHGIURPDVXFFHVVIXOHOHFWULFDUFZHOGLQJH[SHULPHQWLQ9LUWXDO:HOGLQJ6LPXODWRU

7KH SDUDPHWHU YDOXHV DUH FRQFHQWUDWHGDURXQGWKH LGHDOYDOXH ,9LQ VXFFHVVIXO ZHOGLQJ
H[SHULPHQWVWKLVVLWXDWLRQLVWKHYLFHYHUVDLQIDLOHGZHOGLQJH[SHULPHQWVDQGDUHFRQFHQWUDWHGDURXQGWKH
XQGHU UHMHFWLRQ 85DQG DERYH UHMHFWLRQ $5UHJLRQV µ$7¶ $ERYH 7ROHUDQFH µ$$¶$ERYH
$FFHSWDEOHµ8$¶8QGHU$FFHSWDEOHµ87¶8QGHU7ROHUDQFH


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(a) 
 
(b) 
 
(c) 
 
(d) 
)LJXUH$VXFFHVVIXOZHOGLQJH[SHULPHQWIRU(OHFWULF$UF:HOGLQJD$UFOHQJWKJUDSKE$QJOHRIDGYDQFHJUDSK
F:HOGLQJVSHHGJUDSKG(OHFWURGHRVFLOODWLRQDQJOHJUDSK
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


)LJXUH'HWDLOHGVFRULQJDQGFRPPHQWVFUHHQIRUDVXFFHVVIXOHOHFWULFDUFZHOGLQJDSSOLFDWLRQ

5. Results and Discussion
,QWKLVVWXG\DQDSSOLFDWLRQKDVEHHQGHYHORSHGWRHYDOXDWHWKHSHUIRUPDQFHRIWKHZHOGHUFDQGLGDWHV
ZKR¶V XVLQJ WKH ' :HOGLQJ 6LPXODWRU 7UDLQLQJ RI ZHOGHUV ZLWK YLUWXDO ZHOGLQJ VLPXODWRU FDQ EH
SHUIRUPHG IRU WKUHH GLIIHUHQW ZHOGLQJ PHWKRGV LQFOXGLQJ (OHFWULF DUF 0,*0$* DQG 7,*
9LUWXDOZHOGLQJVLPXODWRUV\VWHP FRQVLVWV RI WKUHH VWDJHV LQFOXGLQJ GDWD HQWU\ RI ZHOGLQJ PHWKRG DQG
ZRUNSLHFH WKH FUHDWLRQ RIWKH ZHOGLQJ VHDP DQG HYDOXDWLRQ RI JHQHUDWHG ZHOGLQJ $ GDWDEDVH
PDQDJHPHQWDQGUHSRUWLQJV\VWHPKDVEHHQGHYHORSHGWRNHHSWKHLQIRUPDWLRQDERXWWKHH[SHULPHQWVLQ
YLUWXDOZHOGLQJVLPXODWRUDQGWKHXVHUVZKRSHUIRUPHGWKHH[SHULPHQWV,QWKLVVRIWZDUHPRGXOHZHOGLQJ
LQIRUPDWLRQ FDOFXODWHG LGHDO ZHOGLQJ SDUDPHWHUV SDUDPHWHU GDWD UHFRUGHG GXULQJ ZHOGLQJ RSHUDWLRQ
SHUIRUPDQFH HYDOXDWLRQ UHVXOW RI WKH ZHOGLQJ DUH VWRUHG LQ WKH GDWDEDVH 3HUVRQDO RU FODVVURRPEDVHG
GHYHORSPHQWFDQEH WUDFHGSDVWRUFXUUHQWSHUIRUPDQFHUHSRUWVFDQEHREWDLQHGE\XVLQJ WKLV VRIWZDUH
8VHUVSHUIRUPLQJZHOGLQJH[SHULPHQWVZLWK9LUWXDO:HOGLQJ6LPXODWRUKDYHLQFUHDVHGWKHLUSHUIRUPDQFH
RIWKHZHOGLQJSURFHVVRYHUWLPH
8VHU SHUIRUPDQFH HYDOXDWLRQ VRIWZDUH PRGXOH LV SHUIRUPHG ZLWK H[SHUW V\VWHP PHWKRG XVLQJ GDWD
JHQHUDWHGE\ IRXUGLIIHUHQWZHOGLQJH[SHUWDQG WUDLQHU(YDOXDWLRQFDQDOVREHGRQHE\XVLQJ$UWLILFLDO
1HXUDO1HWZRUNVIX]]\ORJLFFODVVLILFDWLRQPHWKRGVDQGVWDWLVWLFDOPHWKRGV0RUHIOH[LEOHXVDJHFDQEH
SURYLGHGE\EULQJLQJWKHHYDOXDWLRQDQGUHSRUWLQJSDUWRIWKHSURJUDPH[HFXWDEOHRQZHEHQYLURQPHQW
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